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Claim 



A type of photosensitive material characterized by the fact that it has a photosensitive 
layer containing a styryl compound represented by following formula (I) formed on an 
electroconductive substrate: 



(where, R\ represents an optionally substituted alkyl group, aralkyl group, or aryl group; R 2 
represents a hydrogen atom, alkyl group, aralkyl group, or optionally substituted aryl group; Ar 
represents an optionally substituted aryl group or heterocyclic group; X represents an oxygen 
atom, sulfur atom, or optionally substituted nitrogen atom; Z and X represent optionally 
substituted residual groups bonded with the nitrogen atom; R 2 and Ar may be bonded to each 
other to form a ring.) 

Detailed explanation of the invention 
Industrial application field 

The present invention pertains to a novel type of photosensitive material containing a 
styryl compound. 

Prior art and problems to be solved 

Conventional electrophotography is made up of the following formats: in one format 
known as the direct system, the photosensitive layer of a photosensitive material is charged and 
exposed to form an electrostatic latent image, and the latent image is developed with a 
developing agent to form a visible image, which is directly fixed on the photosensitive material 
to obtain a visible picture. In another format known as the powder image transfer system, the 
visible image on the photosensitive material is transferred to a paper sheet or other transfer 
material, and the transferred image is then fixed to form a transferred picture. In yet another 
format known as the electrostatic transfer system, the electrostatic latent image on the 
photosensitive material is transferred to a transfer paper, and the electrostatic latent image on the 
transfer paper is developed and fixed. 
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Examples of materials for forming the photosensitive layer of the photosensitive material 
used in said electrophotographic method include selenium, cadmium sulfide, zinc oxide, and 
other inorganic photoconductive materials. 

These photoconductive materials have many advantages, such as little dissipation of 
charge in the dark, and the ability of quickly dissipating the charge under light irradiation. On the 
other hand, it has various disadvantages. For example, for selenium based photosensitive 
materials, their manufacturing conditions are difficult to meet, their manufacturing costs are high, 
and, because they are weak under heat or mechanical impact, caution must be taken in their 
handling. On the other hand, for cadmium sulfide-based photosensitive material and the zinc 
oxide-based photosensitive materials, a stable sensitivity cannot be obtained in a humid 
environment, and the dye added as a sensitizing agent leads to corona discharge so that the 
charging property degrades and the light fading phenomenon is exhibited due to exposure. 
Consequently, it is impossible to have stable characteristics over a long time, which is undesired. 

On the other hand, various organic photoconductive polymers, such as 
polyvinylcarbazole, etc., have been proposed. However, although these polymers are better than 
the above inorganic photoconductive materials with respect to film forming property and light 
weight, they are poorer than the inorganic photoconductive materials with respect to sensitivity, 
durability and stability against environmental variation. 

Also, although low molecular weight organic photoconductive compounds have the 
advantage that the properties of the coating film or the electrophotographic characteristics can be 
controlled by selecting the type and proportion of binder, they must have good miscibility with 
the binder. 

For the photosensitive material prepared by dispersing a high-molecular weight or 
low-molecular weight organic photoconductive compound in the binder resin, because there are 
a large number of carrier traps, the residual potential is high, and the sensitivity decreases. These 
are disadvantages. Consequently, the addition of a charge-transporting substance to the 
photoconductive compound has been proposed to solve the aforementioned problem. 

Also, a function-separation type photosensitive material in which the charge-generation 
function and charge-transport function are performed by different substances has been proposed. 
For the function-separation type photosensitive material, many types of organic compounds have 
been proposed as the charge-transporting substance for use in the charge transport layer. 
However, they have various problems. For example, 

2,5-bis(p-diethylaminophenyl)-l,3,4-oxathiazole described in US Patent No. 3,189,447 has a 
poor miscibility with the binder, and the crystals tend to become exhausted. On the other hand, 
for the diarylalkane derivative described in US Patent No. 3,820,989, although the miscibility 
with the binder is good, when it is used repeatedly, the sensitivity varies. Also, for the melamine 
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compound described in Japanese Kokai Patent Application No. Sho 54[1979]-59143, although it 
has a relatively good residual charge property, it nevertheless has a poor charging property and 
poor repeated operation characteristics. At present, there are few organic compounds having low 
molecular weight and excellent characteristics preferred for practical application in preparing 
photosensitive materials. 

Japanese Kokai Patent Application No. Sho 55[1980]-6424 described a type of styryl 
compound represented by the following formula 

X-fCH-C H-fci Ar 

(where, X, n, Ar are defined in said patent application). 
X represents 

(where, Y and R are defined in said patent application). 

Japanese Kokai Patent Application No. Sho 60[ 1985]- 164752 described a type of styryl 
compound represented by the following formula: 




(where, R1-R4 is defined in said patent application). 

Japanese Kokai Patent Application No. Sho 60[1985]-98437 described a type of styryl 
compound represented by the following formula: 

R* . 

(where, Arj-Ar2, R1-R4 are defined in said patent application). 

However, all of these compounds are different in structure from the compounds of the 
present invention. 



Problems to be solved by the present invention 

The purpose of the present invention is to solve the problems of the prior art by providing 
a type of photosensitive material characterized by the fact that it is contained as a 
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photoconductive substance haying excellent miscibility with the binder and an excellent 
charge-transport property, and it has excellent sensitivity and chargeability, little fatigue 
degradation in repeated use and a high stability of the electrophotographic characteristics. 

Means to solve the problems 

This invention provides a type of photosensitive material characterized by the fact that it 
has a photosensitive layer containing a styryl compound represented by following formula (I) 
formed on an electroconductive substrate: 



(where, Rj represents an optionally substituted alkyl group, aralkyl group, or aryl group; R 2 
represents a hydrogen atom, alkyl group, aralkyl group, or optionally substituted aryl group; Ar 
represents an optionally substituted aryl group or heterocyclic group; X represents an oxygen 
atom, sulfur atom, or optionally substituted nitrogen atom; Z and X represent optionally 
substituted residual group bonded with the nitrogen atom; R 2 and Ar may be bonded to each 
other to form a ring). 

In formula (I), Rj represents an alkyl group such as methyl or ethyl, aralkyl groups such 
as benzyl or phenethyl, aryl group such as phenyl, etc. These groups may have substituents, such 
as a methyl group, ethyl group, or other alkyl group, or methoxy group, ethoxy group, or other 
alkoxy group. 

R2 represents a hydrogen atom, an alkyl group such as methyl or ethyl, aralkyl group 
such as benzyl or phenethyl, aryl group such as phenyl, etc. When R 2 represents an aryl group, it 
may have substituents, such as a methyl group, ethyl group, or other alkyl group, methoxy group, 
ethoxy group, or other alkoxy group, etc. 

Ar represents an aryl group, such as phenyl, or a heterocyclic group. Ar may have 
substituents, such as an alkyl group (methyl group, ethyl group, etc.), alkoxy group (methoxy 
group, ethoxy group, etc.), aryl group (phenyl group, etc.), hydroxyl group, or substituted amino 
group (diethylamino group, diphenylamino group, etc.), etc. 

Ar may be bonded to R 2 either directly or via a carbon atom or oxygen atom, and Ar and 
R 2 can form a ring together with their carbon atoms. 

X represents an oxygen atom, sulfur atom, or nitrogen atom. When X represents a 
nitrogen atom, it may have substituents, such as those listed for Rj. 




R 



ID 



6 



Z represents the residual group bonded to nitrogen that is bonded to X and R\, such 
as -CH 2 -, -CH2CH2-, -CH=, etc. Z may have substituents, such as an alkyl group (methyl group, 
ethyl group, etc.), aryl group (such as phenyl group, etc.). 

The following are the structural formulas of the preferable examples of the styryl 
compounds represented by formula (I) in the present invention. However, they are not limited to 
what is listed here. 

C,] ^ [2] r\ 

Car <*<g e®™-® 

f I 

/o> ✓<£> 
OCH, 

[51 [61 ■ 



OCH, 
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(29) 1301 

(o) CH, 
[311 ^ C323 XJaH( 
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[33} ~ [34] ^ 

135) >® E38] 

[37) c „ 1381 ^ 

OCH, CH, 
[30] ^ [403 

The compound represented by formula (I) of the present invention can be prepared easily 
using the conventional method. 

For example, it may be prepared in a condensation reaction between an aldehyde 
compound represented by the following formula (II): 

Hi 

(where, Ri, Z and X have the same meanings as those in formula (I)) 
and a phosphorus compound represented by the following formula (III): 
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R, OR. 
\ I / 

chp [ml 

Ar R « 

(where, R? and Ar have the same meanings as those in (I); R 3 and R4 represent alkyl groups, 
cycloalkyl groups, aralkyl groups, or aryl groups). 

The preferable groups of R 3 and R4 in the phosphorus compound represented by formula 
(III) include cyclohexyl groups, benzyl groups, phenyl groups, and alkyl groups. 

Examples of good solvents for performing the reaction in said method include 
hydrocarbons, ethers, alcohols, such as methanol, ethanol, isopropanol, butanol, 2-methoxy 
ethanol, 1 ,2-dimethoxyethane, bis(2-methoxyethyl) ether, dioxane, tetrahydrofuran, toluene, 
oxylene, dimethyl sulfoxide, N,N-dimethylformamide, N-methylpyrrolidone, 
l,3-dimethyl-2-imidazolinone, etc. Among them, polar solvents such as N,N-dimethylformamide 
and dimethyl sulfoxide are preferred. 

Examples of binders include caustic soda, caustic potassium, sodium amide, sodium 
hydride, sodium methylate, sodium ethylate, potassium methylate, potassium ethylate, potassium 
tert-butoxide, n-butyllithium, and other alcoholates. 

The reaction temperature can be selected in a wide range of about 0°C to about 100°C, or 
preferably in the range of about 10°C to about 80°C 

Also, compound (III) used in the present invention may also be prepared by using a 
quaternary phosphonium salt instead of said phosphorus compound. For example, one may make 
use of a triphenyl phosphonium salt to condense with an aldehyde compound (II) through a 
phosphorylene step using the Wittig reaction to form styryl compound (I). 

The photosensitive material of the present invention has a photosensitive layer containing 
one or several types of the styryl compound represented by formula (I). Also, by using it in 
combination with other charge- transporting substances, such as hydrazone compounds and other 
styryl compounds, it is possible to realize even better electrophotographic characteristics. 

There are various forms of photosensitive materials. Any form may be adopted for the 
photosensitive material of the present invention. For example, it may be a single-layer 
photosensitive material prepared by forming a photosensitive layer having a charge-generating 
substance and said styryl compound dispersed in a resin binder on a substrate, and it may be a 
so-called laminated photosensitive material prepared by forming a charge generation layer 
mainly made of a charge-generating substance on a substrate and then forming a charge transport 
layer on said charge generation layer. The styryl compound of the present invention is a 
photoconductive substance. However, it functions as a charge-transporting substance. It transfers 
the charge carriers generated by absorbing light at very high efficiency. 



When said single-layer photosensitive material is formed, the operation is as follows. 
Fine particles of the charge-generating substance are dispersed in a resin solution or a solution 
prepared by dissolving the charge-transporting substance and resin. It is then coated and dried on 
an electroconductive substrate. In this case, the photosensitive layer has a thickness of 3-30 jim, 
or preferably in the range of 5-20 (im. If the quantity of charge-generating substance is too small, 
the sensitivity is poor. On the other hand, if it is too large, the charging property degrades, the 
mechanical strength of the photosensitive layer decreases, and the mechanical strength of the 
photosensitive layer decreases. The proportion in the photosensitive layer with respect to 1 part 
by weight of the resin should be in the range of 0.01-3 parts by weight, or preferably in the range 
of 0.2-2 parts by weight. 

When said laminated photosensitive material is prepared, the charge-generating substance 
is coated on the electroconductive substrate by means of vacuum vapor deposition or coating as 
an amine solution or the like. In another format, after coating and drying of a coating solution 
prepared by dissolving a pigment in an appropriate solvent and, as needed, a binder resin, a 
solution containing the charge-transporting substance and binder is coated and dried on it. 

In the case of vacuum vapor deposition, for example, a nonmetallic phthalocyanine, 
titanyl phthalocyanine, aluminum chlorophthalocyanine, or other phthalocyanine compound is 
used. In the case of dispersion, for example, a bisazo pigment or the like may be used. 

In this case, the thickness of the charge generation layer should be 4 |im or less, or 
preferably 2 |im or less, and the thickness of the charge transport layer should be in the range of 
3-30 nm, or preferably in the range of 5-20 (im. 

The proportion of charge-transporting substance in the charge transport layer with respect 
to 1 part by weight of the binder resin should be in the range of 0.2-2 parts by weight, or 
preferably in the range of 0.3-1 .3 parts by weight. 

Together with the binder resin, the photosensitive material of the present invention may 
also contain a halogenated paraffin, polybiphenyl chloride, dimethylnaphthalene, dibutyl 
phthalate, o-terphenyl, and other plasticizers, chloranil, tetracyanoethylene, 
2,4,7-trinitrofluororenone, 5,6-dicyanobenzoquinone, tetraanthraquinomethane, 
tetrachlorophthalic anhydride, 3,5-dinitrobenzoic acid, and other electronegative sensitizers, 
methyl violet, Rhodamine B, cyanine dye, pyrylium salt, thiapyryrium salt, and other sensitizers. 

Also, oxidation inhibitors, UV absorbents, dispersion aids, precipitation inhibitors, etc. 
may be selected appropriately for use. 

Examples of the binder resins having electrically insulating property used in the present 
invention include well known thermoplastic resins and thermosetting resins photocuring resins, 
photoconductive resins, and other binder that are electrically insulating. 
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Examples of the appropriate binder resins include saturated polyester resins, polyamide 
resins, acrylic resins, ethylene-vinyl acetate resins, ion crosslinked olefin copolymers (ionomers), 
styrene-butadiene block copolymers, polycarbonates, vinyl chloride-vinyl acetate copolymers, 
cellulose esters, polyimides, styrol resins, and other thermoplastic resins; epoxy resins, urethane 
resins, silicone resins, phenolic resins, melamine resins, xylene resins, alkyd resins, 
thermosetting acrylic resins, and other thermosetting resins; photocuring resins; 
polyvinylcarbazole, polyvinylpyrene, polyvinylanthracene, polyvinylpyrrole, and other 
photoconductive resins. However, the present invention is not limited to them. 

They may be used either alone or as a mixture of several types. 

These electrically insulating resins preferably have a volumetric resistance of 
1 x 10 12 ft * cm measured for each resin alone. 

Examples of the charge-generating substances include bisazo-based pigments, triaryl 
methane-based dyes, thiazine-based pigments, oxazine-based dyes, xanthine-based dyes, 
cyanine-based pigments, styryl-based pigments, pyridium-based dyes, azo-based pigments, 
quinacridone-based pigments, indigo-based pigments, perylene-based pigments, phthalocyanine 
quinine-based pigments, bisbenzimidazole-based pigments, indazolone-based pigments, squaric 
salt-based pigments, azulene-based pigments, phthalocyanine-based pigments, and other organic 
substances, selenium, selenium/tellurium, selenium/arsenic, and other selenium alloys, cadmium 
sulfide, cadmium selenide, zinc oxide, amorphous silicon, and other inorganic substances. In 
addition, any material that can highly efficiently absorb light to generate charge carriers may be 
used. 

Examples of the electroconductive substrates that can be used as the photosensitive 
material of the present invention include sheet and drums made of foils or sheets of copper, 
aluminum, silver, iron, zinc, nickel, and other metals and alloys; plastic films, etc. coated with 
said metals by means of vacuum vapor deposition or electroless plating; paper, plastic film, etc. 
coated or vapor deposited with a layer of electroconductive polymer, indium oxide, tin oxide, or 
other electroconductive compound. 

Examples of the constitution of the photosensitive material using the styryl compound of 
the present invention are shown schematically in Figures 1-5. 

As shown in Figure 1, the photosensitive material is prepared by forming photosensitive 
layer (4) composed of photoconductive material (3) and charge-transporting substance (2) 
together with a binder on substrate (1). The styryl compound of the present invention is used as 
the charge-transporting substance. 

The photosensitive material shown in Figure 2 is a function-separation type 
photosensitive material having charge generation layer (6) and charge transport layer (5) as the 
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photosensitive layers. Charge transport layer (5) is formed on the surface of charge generation 
layer (6). 

The styryl compound of the present invention is contained in said charge transport layer 

(5). 

The photosensitive material shown in Figure 3 is a function-separation type 
photosensitive material having the same charge generation layer (6) and charge transport layer 
(5) as in Figure 2. However, the configuration is the reverse of that shown in Figure 2, with 
charge generation layer (6) formed on the surface of charge transport layer (5). 

In the photosensitive material shown in Figure 4, surface protective layer (7) is formed on 
the surface of the photosensitive material shown in Figure 1 . Photosensitive layer (4) may also be 
a function-separated type photosensitive material having charge generation layer (6) and charge 
transport layer (5). 

As shown in Figure 5, intermediate layer (8) is set between substrate (1) and 
photosensitive layer (4). It is possible to form intermediate layer (8) to improve various 
properties, such as adhesion, coating property, protection of the substrate, and the property of 
charge injection from the substrate to the photosensitive layer. 

The intermediate layer may be made of polyimide, polyamide, nitrocellulose, 
polyvinylbutyral, polyvinyl alcohol, or other polymer as is. It may also be made of a dispersion 
of tin oxide, indium oxide, or other low-resistance compound, or a vapor deposited film of 
aluminum oxide, zinc oxide, silicon oxide, etc. 

The thickness of the intermediate layer is preferably 1 ^im or less. 

The surface protective layer may be made of acrylic resin, polyaryl resin, polycarbonate 
resin, polyurethane resin, or other polymer as is. It may also be made of a dispersion of tin oxide, 
indium oxide, or other low-resistance compound. 

Also, it is possible to make use of an organic plasma film. As needed, the organic plasma 
polymer may contain oxygen, nitrogen, halogen, and atoms in Groups III and V of the Periodical 
Table appropriately. 

The thickness of the surface protective layer is preferably 5 ^im or less. 

In the following, the present invention will be explained in more detail with reference to 
application examples. In the application examples, if not specified otherwise, "parts" refers to 
"parts by weight." 

Synthesis example (Preparation of compound example (3)) 

3.04 g of the phosphate represented by the following formula 



<2X 

<oy 



CHF0(OCjB,>i 



and 2.39 g of the aldehyde compound represented by the following formula 

were dissolved in 30 mL of dimethylformamide. While it was cooled to 5°C or lower, a 
suspension prepared from 2 g of potassium tert-butoxide in 50 mL of dimethylformamide was 
added dropwise. Then, after the mixture was agitated at room temperature for 8 h, the mixture 
was allowed to stand overnight. The obtained mixture was added to 900 mL of ice water, 
followed by neutralization with dilute hydrochloric acid. After about 30 min, the deposited 
crystals were filtered out and washed with water. Then, they were recrystallized and refined by 
means of acetonitrile, forming 2.8 g of yellow acicular crystals. 
(Yield is 72%) 

The results of elemental analysis are listed below. 





c 


H 

(JO 


N 

CS) 


n*m * 


86.38 


5.91 


3.60 




86-30 


5.87 


3.51 



* CttHsiNO 



Key: 1 
2 



Computed data 
Experimental data 



Application Example 1 

0.45 part of the bisazo compound represented by the following formula (A) 

<S^EM)C0H CR> J? CKj HO COM-® 

® [A] 



and 0.45 part of polyester resin (Pylon 200, product of Toyobo Co., Ltd.) were dispersed in 50 
parts of cyclohexanone by means of a sand grinder. By means of a film applicator, the obtained 
dispersion of the bisazo compound was coated and dried on a 100-|im-thick aluminum-coated 
mylar film to form a layer with a dry thickness of 0.3 g/m 2 . On this obtained charge generation 
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layer, a 16-|im-thick (dry film thickness) charge transport layer was formed by coating a solution 
prepared by dissolving 70 parts of styryl compound (3) and 70 parts of polycarbonate resin 
(K-1300, product of Teijin Ltd.) in 400 parts of 1,4-dioxane. In this way, an electrophotographic 
photosensitive material having a 2-layer photosensitive layer was obtained. 

With a commercially available electrophotographic copier (EP-470Z, product of Minolta 
Camera Co., Ltd.), the following test was performed for the obtained photosensitive material. 
Corona charging was performed at -6 kV, the initial surface potential V 0 (V), the exposure 
quantity E m (lux • sec) for reducing the potential to 1/2 the initial potential, and the dark decay 
rate DDRj (%) with respect to the initial potential after allowing to stand in the dark for 1 sec 
were measured. 

Application Examples 2-4 

Also, using the same method and the same constitution as those in Application 
Example 1, photosensitive material samples were prepared except that styryl compounds (4), (5), 
(7) were used in place of said styryl compound (3) used in Application Example 1. 

For the obtained photosensitive materials, the same method as that in Application 
Example 1 was adopted to measure the values of V 0 , E1/2, and DDR]. 

Application Example 5 

0.45 part of the bisazo compound represented by the following formula (B) 

OH H W 0 

13) 

and 0.45 part of polystyrene resin (molecular weight 40,000) were dispersed in 50 parts of 
cyclohexane by means of a sand grinder. The obtained dispersion of bisazo compound was 
coated with a film applicator and dried on a 1 00- jam- thick aluminum-coated mylar film to form a 
layer with a dry thickness of 0.3 g/m 2 . On this obtained charge generation layer, a 16-(im-thick 
(dry film thickness) charge transport layer was formed by coating a solution prepared by 
dissolving 70 parts of styryl compound (10) and 70 parts of polyacrylate resin (U-100, product of 
Unitika Ltd.) in 400 parts of 1,4-dioxane. In this way, an electrophotographic photosensitive 
material having a 2-layer photosensitive layer was obtained. 



A pplication Examples 6-8 

Photosensitive materials were prepared using the same method as that in Application 
Example 5, except that instead of styryl compound (10) used in Application Example 5, styryl 
compounds (11), (12) and (13) were used. 

For the obtained photosensitive materials, the same method as that in Application 
Example 1 was adopted to determine the values of Vo, E\a and DDRj. 

A pplication Example 9 

0.45 part of the polycyclic quinine-based pigment represented by the following formula 

(Q 

[Cl 

and 0.45 part of polycarbonate resin (Panlite K- 13000, product of Teijin Ltd.) were dispersed in 
50 parts of dichloroethane by means of a sand grinder. 

The obtained dispersion of the polycyclic quinine-based pigment was coated with a film 
applicator and dried on a 100-(im-thick aluminum-coated mylar film to form a layer with a dry 
thickness of 0.4 g/m 2 . On this obtained charge generation layer, a 18-^im-thick (dry film 
thickness) charge transport layer was formed by coating a solution prepared by dissolving 
60 parts of styryl compound (20) and 50 parts of polyacrylate resin (U-100, product of Unitika 
Ltd.) in 400 parts of 1,4-dioxane. 

In this way, an electrophotographic photosensitive material having a 2-layer 
photosensitive layer was obtained. For the obtained photosensitive material, the same method as 
that in Application Example 1 was adopted to determine the values of Vo, Em and DDRi. 

Application Examples 10-11 

Photosensitive materials were prepared in the same structure and using the same method 
as that in Application Example 9, except that instead of styryl compound (20) used in 
Application Example 9, styryl compounds (21), (25) were used. 

For the obtained photosensitive material, the same method as that in Application 
Example 1 was adopted to determine the values of V 0 , E m and DDR]. 




A pplication Example 12 

0.45 part of a perylene-based pigment represented by the following formula (D) 
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CH a y^^^J^F' [d] 

CH, 0~^^^0 CHj 

and 0.45 part of butyral resin (BX-1, product of Sekisui Chemical Co., Ltd.) were dispersed in 
50 parts of dichloroethane by means of a sand grinder. 

The obtained dispersion of perylene-based pigment was coated with a film applicator and 
dried on a 100-^m-thick aluminum-coated mylar film to form a layer with a dry thickness of 
0.4 g/m 2 . On this obtained charge generation layer, a 18-(im-thick (dry film thickness) charge 
transport layer was formed by coating a solution prepared by dissolving 50 parts of styryl 
compound (26) and 50 parts of polycarbonate resin (PC-2, product of Mitsubishi Gas Chemical 
Co., Ltd.) in 400 parts of 1,4-dioxane. 

In this way, an electrophotographic photosensitive material having a 2-layer 
photosensitive layer was obtained. For the obtained photosensitive material, the same method as 
that in Application Example 1 was adopted to determine the values of V 0 , E ]/2 and DDRi. 

Application Examples 13-14 

Photosensitive materials were prepared with the same structure and using the same 
method as that in Application Example 12, except that instead of styryl compound (26) used in 
Application Example 12, styryl compounds (24), (28) were used. 

For the obtained photosensitive material, the same method as that in Application 
Example 1 was adopted to determine the values of V 0 , E m and DDR r . 

Application Example 15 

0.45 part of titanyl phthalocyanine and 0.45 part of butyral resin (BX-1, product of 
Sekisui Chemical Co., Ltd.) were dispersed in 50 parts of dichloroethane by means of a sand 
grinder. 

The obtained dispersion of phthalocyanine was coated with a film applicator and dried on 
a 100-^im-thick aluminum-coated mylar film to form a layer with a dry thickness of 0.3 g/m 2 . On 
this obtained charge generation layer, a 18-^im-thick (dry film thickness) charge transport layer 
was formed by coating a solution prepared by dissolving 50 parts of styryl compound (7) and 50 
parts of polycarbonate resin (PC-Z, product of Mitsubishi Gas Chemical Co., Ltd.) in 400 parts 
of 1,4-dioxane. 

In this way, an electrophotographic photosensitive material having a 2-layer 
photosensitive layer was obtained. For the obtained photosensitive material, the same method as 
that in Application Example 1 was adopted to determine the values of V 0 , E 1/2 and DDRj. 
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Application Examples 16-17 

Photosensitive materials were prepared with the same structure and using the same 
method as that in Application Example 15, except that instead of styryl compound (7) used in 
Application Example 15, styryl compounds (13) and (18) were used. 

For the obtained photosensitive material, the same method as that in Application 
Example 1 was adopted to determine the values of V 0 , Em and DDR]. 

Application Example 18 

50 parts of copper phthalocyanine and 0.2 part of copper tetranitrophthalocyanine were 
dissolved in 500 parts of 98% concentrated sulfuric acid while being well agitated. The solution 
was poured into 5000 parts of water. After the photoconductive material composition of copper 
phthalocyanine and copper tetronitrophthalocyanine was dissipated, it was filtered out, water 
washed, and dried under reduced pressure at 120°C. 

10 parts of the obtained photoconductive composition prepared above were mixed with 
22.5 parts of thermosetting acrylic resin (Acrydick A 405, product of Dai-Nippon Ink Co., Ltd.), 
7.5 parts of melamihe resin (Superbeckamine J 820, product of Dai-Nippon Ink Co., Ltd.), and 
15 parts of said styryl compound (3) together with 100 parts of a 1:1 mixture of methyl ethyl 
ketone and xylene as a mixed solvent, and the mixture was dispersed for 48 h to form a 
photosensitive solution. The solution was then coated on an aluminum substrate, and was dried 
to form a photosensitive material having a photosensitive layer with thickness of about 15 |nm. 

For the obtained photosensitive material, the same method as that in Application 
Example 1 (except that the corona charging was performed at +6 kV) was adopted to determine 
the values of V 0 , Em and DDRi . 

A pplication Examples 19-21 

Photosensitive materials were prepared with the same structure and using the same 
method as that in Application Example 18, except that instead of styryl compound (3) used in 
Application Example 18, styryl compounds (20), (33), (38) were used. 

For the obtained photosensitive material, the same method as that in Application 
Example 18 was adopted to determine the values of V 0 , Em and DDRi. 

Comparative Examples 1-4 

Photosensitive materials were prepared with the same structure and using the same 
method as that in Application Example 18, except that instead of the styryl compound used in 
Application Example 18, the following listed compounds (E), (F), (G), (H) were used. 
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For the obtained photosensitive materials, the same method as that in Application 
Example 18 was adopted to determine the values of V 0 , E 1/2 and DDRi. 

Comparative Examples 5-8 

Photosensitive materials were prepared with the same structure and using the same 
method as that in Application Example 18, except that instead of styryl compound (6) used in 
Application Example 18, the following listed compounds (I), (J), (K), (L) were used. 

£;>^»<§ " ! 



For the obtained photosensitive material, the same method as that in Application 
Example 18 was adopted to determine the values of V 0 , E m and DDRi. 

Table 1 lists the results of measurement of V 0 , E m and DDRi of the photosensitive 
materials prepared in Application Examples 1-21 and Comparative Examples 1-8. 

As can be seen from Table 1, for the photosensitive materials of the present invention, 
either the laminated type or single-layer type, the charge holding property is sufficient, the dark 
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decay rate is sufficiently low for good use as photosensitive material, and the sensitivity is also 
high as can be seen from the data. 

Also, an actual copying test was performed on a commercially available 
electrophotographic copier (EP-350Z, product of Minolta Camera Co., Ltd.) for the 
photosensitive material prepared in Application Example 18 by copying 1,000 sheets in the 
repeated positive charging mode. The gradation was found to be excellent, there was no variation 
in sensitivity and vivid pictures could be obtained for both the first and last copies. This indicates 
that the photosensitive material of the present invention also has a high stability in the repetitive 
operation characteristics. 



Table 1 
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Table 1 (continued). 
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2 Comparative Example 

Effects of the invention 

The present invention provides a type of photoconductive compound that can be used in 
preparing photosensitive materials. 

The styryl compound as the photoconductive composition in the present invention is 
especially useful as a charge-transporting substance. 

The photosensitive material having the styryl compound of the present invention has 
excellent characteristics, such as sensitivity, charge-transport property, initial surface potential, 
dark decay rate, etc. Also, it has little optical fatigue in repeated operations. 

Brief description of the figures 

Figures 1-5 are schematic diagrams illustrating the photosensitive material of the present 
invention. Figures 1, 4 and 5 illustrate the structure of the dispersion type photosensitive material 
having a photosensitive layer laminated on an electroconductive substrate. Figures 2 and 3 
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illustrate the structure of the function-separation type photosensitive material having a charge 
generation layer and a charge transport layer laminated on an electroconductive substrate. 

1 Electroconductive substrate 

2 Charge-transporting substance 

3 Photoconductive substance 

4 Photosensitive layer 

5 Charge transport layer 

6 Charge generation layer 

7 Surface protective layer 

8 Intermediate layer 
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Figure 2 
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Figure 3 
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Figure 4 
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